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I. Abstract
Currently, thousands of people each year require the use of a rigid cervical collar. The collars are
used in situations of emergency, as well as in situations of precaution, when spinal injury is or
may be present. There are many different styles and sizes of cervical collars available on the
market today; however, common side effects are noticed when wearing the collars that may
reduce the effectiveness to the patient. Often patients complain of general discomfort issues or
may suffer from more serious side effects such as pressure sores, increased intracranial pressure,
dysphagia, and abnormal distraction within the upper spine. A need exists for the modification of
current cervical collars to reduce the painful or uncomfortable side effects associated with
wearing them which would, in turn, increase the effectiveness of the therapy that the collar
provides to the spine.
There are two main components of most cervical collar designs: the rigid outer shell and the
inner padding. Both of these components have been considered by our design team in the
modification design to improve the efficacy of the cervical collar and to reduce side effects from
wearing them. The main goals of this project were to reduce the overall discomfort patients
experience that is associated with overheating and dysphagia side effects. As a team, we have
researched and tested many materials to determine the best fit for our modified cervical collar.
The tests included an end user survey that determined the overall comfortability between the
available collars, a cold temperature retention test that showed how long the prospective cooling
materials would maintain lower temperatures, and an in-collar temperature test that looked at the
temperatures of the materials within the lining of a collar
As a team, we have designed a rigid cervical collar that utilizes a slightly flexible, but durable
1/16th inch polyethylene outer shell with padded gel inserts. The outer shell is a two piece design
that incorporates the favorable concepts of currently manufactured collars. The two pieces were
cut using a scroll saw and molded using an application of heat to the desired positions. There are
multiple cut outs in the plastic of both pieces that give flexibility when fitting the collar and the
pieces can be connected using velcro straps. The inner “cooling system” is composed of two
hydrogels: TheraPearl Technology freezable beads and a pressure activated cooling pad
marketed by The Green Pet Shop. The cooling materials will then be wrapped together in
polyolefin shrink wrap and placed within specified cutout positions in the antimicrobial padding.
Finally the components will be covered in a heat resistant cloth material to ensure direct contact
with the skin is compatible and comfortable for the patient. The modifications focus on reducing
the hot spots on the cheeks, chin, and neck that are commonly associated with discomfort in
patients, will address the discomfort of the chin and neck associated with dysphagia, and will
also maintain the rigidity and restriction of motion necessary of the collar. Testing on the
efficacy of the design concepts brought forth is still in progress, but we believe the modified
cervical collar can increase patient comfort levels and reduce overheating.
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II. Introduction
In October 2014, Jessica Augustynovich, Samantha Ballash, Katharine Hodgson, and Elizabeth
Rondinelli comprised a biomedical engineering team for a research and design project. The
modified cervical project, presented by Dr. Mary Verstraete, was chosen as the desired work for
the project from October 2014 to May 2015.

III. Problem Statement
As an essential tool in trauma, rigid cervical collars are placed on every patient with potential
cervical spinal injuries. If cervical spine injury is diagnosed, the collar remains on the patient
until surgery and is often utilized in the recovery process for extended time periods. Although the
purpose of the standard rigid collar is to stabilize the cervical spine, side effects such as pressure
sores, increased intracranial pressure, dysphagia, and abnormal distraction within the upper spine
result from improper fitting. Because of spinal degeneration and age-related decrease in muscle
mass and vascularity, these side effects occur more prominently among elderly patients. A need
exists, particularly for the elderly, to create a personalized cervical collar that prevents unwanted
side effects, conforms to the patient’s body, and limits movement of the spine to 30 degrees in
order for proper healing to occur.

IV. AK Design Solutions
Jessica Augustynovich, Samantha Ballash, Katharine Hodgson, and Elizabeth Rondinelli formed
AK Design Solutions to meet the customer request provided by Dr. Tiffany Marchand of Summa
Health Systems. The design team was tasked to develop a modified cervical collar that prevented
unwanted side effects, such as overheating and dysphagia, while maintaining the efficiency of
limiting cervical spine movement to less than 30 degrees in all directions.
Mission Statement
We strive to inspire new ideas that improve upon the existing biomedical field. The
unique engineering solutions we create are built upon a foundation of strong team
compatibility, an unbiased perspective on the current industry, and a thorough
understanding of quality patient care. Our designs allow for caregivers, loved ones, and
patients to receive the best in efficiency, ease of mind, comfort and quality of life,
making even the toughest situations easier every step of the way.

V. Background
To obtain the proper knowledge prior to beginning this project, a substantial amount of research
was performed in order to assess the current cervical collars and the current problems with them.
In addition to gaining a thorough understanding of the device, the research helped AK Design
Solutions to refine its problem statement to focus on a select number of important issues and
assess how the current designs may help to solve them.
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Currently Available Cervical Collars
To accommodate the size of each patient and the circumstances of the injury, cervical
collars are manufactured in several forms. The patient may either be fitted with a soft or a
rigid collar. The soft collar is most often used short term for patients who are suffering
from minor neck pain. Though it provides a more comfortable brace than a rigid collar, it
is less restrictive of cervical spine movement (1). For serious accidents involving the
cervical spine, a rigid collar is required in order to restrict movement to the required 30
degrees of motion.
The sizing of today’s collars is also commonly seen in two forms. The first is a universal
design that may be adjusted to the size of any user and the second is a less adjustable
collar that is manufactured in a line of several sizes. There are many advantages to both
types. Most notably, the universal collars require less storage space before use,
particularly for EMTs and requires no risk in applying the wrong size collar in an
emergency. However, with its many added parts, the universal collars are heavier, more
expensive, take a longer time to adjust once applied, and are found to be less comfortable
to patients.
Two of the most dominating manufacturers in the cervical collar market were studied for
this project: Ossur (the Miami J collar) and Aspen. The Miami J is recognized for its
comfortable Sorbatex foam padding designed to be antibacterial, antimicrobial, and
moisture wicking. The classic Miami J is available in 6 sizes, each based on a phenotype
designed for a specific size patient. Also available from Ossur is a universal model, the
Miami J Advanced and the Philadelphia models which provide rigid support with less
cushion (2). The Aspen model has similar features to the Ossur models but is also
recognized for its unique inner padding material. The foam liner is designed to be
hypoallergenic and customizable to any neck shape. The Aspen Universal also has a
unique trachea opening that is adjustable by use of a crank rather than straps, which
allows for a more comfortable fit along the chin (3). Both Aspen and Ossur manufacture
the outer shell portion of the cervical collars using polyethylene plastic. This material
allows the collars to provide the needed support, yet it is flexible enough to bend if
necessary (2, 3).
As stated above, Aspen and Ossur are the dominating manufacturers in the cervical collar
market today, resulting in AK Design solutions focusing on devices made by those two
companies in the testing and design phases of the project. For further information
regarding the research done on each of the collars, refer to Appendix A.
Current Commonly Seen Issues/Current Design Flaws
Because the singular purpose of a cervical collar is to restrict the patients’ movements to
less than 30 degrees, the main complaint with the device is patient comfort. Based on the
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valuable input from Dr. Tiffany Marchand, patient discomfort was narrowed down to
“feeling overheated” and “too much pressure” underneath the chin and on the jaw.
Though comfort is certainly not a priority over a patient’s health, it can lead to many
other serious problems such as pressure ulcers or causing patients to remove their collars
prematurely in the prescribed duration of use. Also, Dr. Marchand emphasized that many
of the problems with current cervical collars are seen with elderly patients. Research was
conducted on the degenerative issues among the elderly that can increase patient risk for
secondary side effects from cervical collar use (4).

VI. Design Method
The team maintained the standard design process throughout the modified cervical collar design.
By creating an objective tree, constraints and limitations list, and functional requirements, the
AK Design Solutions team members were able to formulate a clear vision of the design methods
necessary to execute the modified cervical collar.
Constraints and Limitations
Several constraints exist when designing a modified cervical collar. Although each
cervical collar is initially sized and fit for each patient by medically trained personnel, the
patient is often asked to manage the use of the collar while outside of medical facilities.
In many cases, this can be for many weeks of recovery. Without medical training, many
patients struggle complying with the guidelines of cervical collar use. It is necessary for
the team to consider the limitations that occur with patients without medical
backgrounds. Many patients remove the collars because of discomfort, overheating, and
the inability to perform daily functions. While designing the modified cervical collar, the
team must modify and/or eliminate the patient’s ability to remove the collar in order to
secure patient safety and their ability to heal properly. Limitations also include those
which exist within a medical facility. Many professionals are limited by an inability to
communicate with patients about their comfort needs. While some complaints from
patients are due to inexperience with the collars, many patients have severe discomfort
problems that can lead to pressure sores and/or dysphagia. The constraint of limited
design time greatly affected the team. Although six months is sufficient to design a
modification to a cervical collar, it is difficult to research, design, test and produce a final
and successful project in the short time. The team worked vigorously to maintain this
time constraint.

Functional Requirements
Please refer to Appendix B to view the functional requirements for the project organized
into an objective tree prior to the manufacture stage.

VII. Procedures and Manufacturing
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After defining the design methods, constraints, and requirements, the team divided into subteams to design the two main portions of the modified cervical collar design. Samantha Ballash
and Elizabeth Rondinelli created the prototype for the Outer Shell Design. Katharine Hodgson
and Jessica Augustynovich created the inner padding design for the modified cervical collar.
Justification of Outer Shell Design
The process of developing a new design for the outer frame began by interpreting results
of an end-user survey generated by AK Design Solutions. Similar to the comfort
evaluation utilized by Sigurbergur et al., “Evaluation of Clinical Efficacy and Safety of
Cervical Trauma Collars: Differences in Immobilization, Effect on Jugular Venous
Pressure and Patient Comfort” (5), the end-user survey included simple questions
evaluating a patient’s overall comfort, ability to perform daily tasks, and comfort in
specific regions including the neck, chin, etc. Each person surveyed rated their level of
comfort on a scale from 1 to 5, 1 being strongly disagree and 5 being strongly agree.
Team members administered this survey to friends and associates by asking them to wear
a popular cervical collar for a minimum of twenty minutes and then recorded the answers
regarding the experience. A total of fifteen end user survey results were documented.
From the results, the average comfort score of each individual was summarized. The
higher average score resulted in a more comfortable cervical collar as determined by the
individuals tested. The interpretation of the results, in addition to the engineering
perspective of the design team, led to the decision that the prototype cervical collar would
include the most beneficial aspects of both the Aspen and the Miami J outer frame
designs, two of the most widely used cervical collars currently on the market. Although
the Philadelphia adjustable collar received the highest score from the survey, it is a soft
collar; thus, it should have resulted in a more comfortable experience for the surveyed
individuals. Please see Appendix C for the end-user survey utilized and the results of this
survey.
Outer Shell Prototype Design
The sub-team met and drafted the final collar design soon after selecting the frame
material, 1/16th inch thick polyethylene. The material was chosen based off the material
used in the Aspen and Miami J collars and with advice from Baker Plastics in
Youngstown, Ohio. It was decided that the team would create a non-universal,
phenotypically sized collar relatively close to the “regular” size that is utilized by both
Aspen and Miami J. The “regular” size collar is the proper size for most mature females;
thus, allowing the team to perform testing utilizing the team members. The modified
cervical collar design utilizes a two-piece design with velcro straps to connect the collar
from front to back. The back piece of the new shell design is 10.20 inches by 6.65 inches
with small cutouts and a large opening in the center for flexibility. This design was
chosen because it lends enough support to the occipital region without applying excess
pressure from the plastic. The inner padding design for the back portion is much larger
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that than outer shell, providing the extra support where necessary. The front piece of the
collar is 14.30 inches by 6.20 inches. It extends beneath the ears on both sides and onto
the chest area. A hole was cut in the center for a tracheal opening in case of emergencies.
Several designs for the chin support have been discussed by the sub-team. The team has
eliminated small portions of the polyethylene below the jaw line while maintaining the
same shape as the original design. The modified front piece includes a chin support that
rests on the patient’s jaw line. Using heat, the polyethylene was curved to support the
chin area. A small 2 inch section of polyethylene was removed from below the chin as
compared to current collars. This modification should reduce dysphagia in patients;
however, the team must evaluate the modification during testing in order to prove that the
modified collar reduces patient discomfort, yet maintains the restraint of 30 degrees or
less range of motion of the cervical spine.
The sub-team sketched the front and back pieces with various chin modifications on large
polyethylene sheets and utilized the scroll saw in the biomedical engineering design lab
to construct the outer shell prototype. Sandpaper was used to smooth all of the edges of
the collar. The team used heat to mold the collar to the appropriate shape and to thin the
edges of the back piece to better support the occipital region and provide less pressure in
that area.
Inner padding/ Gel material
For the second design change, AK Design Solutions has designed a cooling system to be
integrated into the current inner foam padding of the collar. The purpose of this system is
to cool the patient while also relieving pressure at commonly irritated areas. Through
testing and validation, the team hopes to create a collar that remains ten degrees (° F)
cooler than the patient for at least an hour after wearing.
Testing and Justification of Cooling System
The design and manufacture of the inner portion of the collar depended on several layers
of material acting together to help cool the patient. Therefore, testing was performed in
order to select optimal materials for each material requirement of the cooling system: the
active cooling material, padding, and outer fabric. Much of the testing performed is
largely due to the aid and expertise provided by L. Terry Clausing, P.E., CEA of
Drysdale & Associates, Inc. AK Design Solutions made two separate visits to his
laboratory facility located in Cincinnati, OH. During the first visit, thermal images were
taken with an IR camera for visualization purposes of determining heat mapping. See
Appendix D.
As there are many existing products that are designed for cooling purposes, it was
necessary to perform testing on several options in order to determine which would have
the greatest effect on body temperature.
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Three materials were selected as potential cooling materials:
1. small freezable beads (ThearPearl Technologies)
2. a pressure activated cooling pad (The Green Pet Shop)
3. Elastogel freezable therapy pads (Southwest Technologies)
The cooling gel pack material was chosen based on the results of two tests conducted by
the sub-team: a cold temperature retention test and an in-collar test involving temperature
monitoring via a quad-thermocouple. The cold retention test was performed by taking all
potential cooling materials chosen from researching options, placing them in a freezer at 4° F for three hours and then monitoring the temperature in five minute intervals until
room temperature was once again recorded. Reference Appendix E. The results of this
test were favorable to the pressure activated cooling pad as well as the small freezable
beads (see Figure 1). The second test performed to aid in the selection of a cooling gel
material was an in-collar temperature test, in which four thermocouples were placed in
strategic locations inside a cervical collar and temperature was monitored for a subject
first wearing the collar only, and again with the subject wearing the collar with a test
material inside it.

Figure 1. Cold Temperature Retention Test: Selecting Cooling Material

Results from both tests were consistent with the sub-team hypothesis, and the final
cooling material for the prototype was selected to be a combination of the dog cooling
pad and the free-moving freezable beads. The gel pad proved to sustain the lowest
temperature for the longest period of time and the beads are a simple addition that will
provide some pliability and cushion to the stiffer gel pad.
The final padding material was selected based on criteria for functionality developed by
the team. The padding needed to be antimicrobial, waterproof, puncture resistant, and
have fair airflow to reduce heat and pressure accumulation. Based on the design
requirements and budget restrictions, the padding selected for use was a reticulated foam
sheet from Fabric Empire.
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The fabric selection for the prototype is currently in process. Similar to the gel, several
fabrics were chosen in order to test the sustainability of the cooling system through a
fabric. Assuming similar results, the same testing as was done on the gels was repeated
with each fabric on the chosen gel combination. All potential fabric test materials have
been collected and the final selection will be chosen based on the results of two tests. The
first test will be a repeat of the in-collar quad-thermocouple temperature monitoring test
with the variable material being the fabric selection in place of the cooling gel pack
material selection. This is significant because the fabric must not insulate the cooling gel
pack material inside in the lining, which would eliminate its entire purpose of keeping the
patient cool. The second test will be a very basic skin-compatibility test in which
members of the sub-team will place patches of potential materials in direct contact with
their skin for approximately twelve hours and observe adverse effects, (if any).
The final components chosen for the “cooling system” based on the tests above are as
follows:
1 part pressure activated cooling gel (The Green Pet Shop)
1 bag freezer beads (TheraPearl Technologies)
1 puncture resistant, polyolefin film shrink wrap bag (various sizes) (National
Shrinkwrap)
Antimicrobial foam padding (various sizes) (Fabric Empire)
A fabric covering (examples seen in Appendix E are still to be tested)
Manufacturing of the inner lining containing all components of the cooling system will
be assembled with by use of a heat gun/hair dryer and a sewing machine.

VIII. Performance Testing
The performance and effectiveness of the final prototype will be evaluated by means of
three tests. See Appendix E for all associated figures and tables.
1. Comparison to baseline temperature test results for the Aspen, Miami J collars
2. Validation of the benchmark design goal: Collar effectively keeps the body at
least ten degrees cooler than body temperature for a minimum of one hour
3. Patient Comfort Evaluation
4. Validation that the collar successfully restricts the patient to a maximum 30
degrees range of motion during use.
Baseline data for the inner padding material was established during the first visit with L.
Terry Clausing, monitoring temperatures on the neck for subjects wearing the Aspen and
Miami J cervical collars. The performance of the final inner padding of the prototype will
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be evaluated by executing the same testing protocol on a subject wearing the prototype
device and comparing the data to the baseline test results. The design goal will be
considered complete if the system successfully remains at least ten degrees cooler than
body temperature for at least one hour following application.
Testing for the outer shell modifications will be determined utilizing the same end-user
survey to evaluate patient comfort. Preferably, the same individuals will be surveyed
comparing the comfort of the modified design to the Aspen and Miami J collars. Also,
the prototype and various chin support designs must be evaluated for movement
limitation under 30 degrees. A universal goniometer will be used to obtain general range
of motion values for the modified cervical collar prototype as a whole. If possible, the
team would like to perform testing similar to the testing provided by Sigurbergur et al.
The outer shell sub-team is interested in utilizing a Cervical Range of Motion instrument,
CROM, if possible. The performance testing is necessary to provide data that
demonstrates the team’s overall design modifications as successful.

IX. Future Direction of Project
Testing of the modified cervical collar prototype must be completed in order to provide results of
the substantial changes as stated above. Upon completing the goals outlined above, AK Design
Solutions will maintain contact with Dr. Tiffany Marchand to obtain any further suggestions that
she may have to refine the collars design. AK Design Solutions also hopes to implement some of
the design changes that were cut due to time constraints most notably, the idea to create
perforated edges for easy sizing adjustments. Finally, the team plans to manufacture the collar in
several sizes so that testing may be done on a wider range of patients.

X. Project Timeline
Please refer to the original and final GANTT charts in Appendix F.

XI. Budget
As a team, we were allocated a budget of $500 to complete our design project including the
research phase, prototype construction, and performance testing. A request for increased funds
could have been made if needed; however, the team was able to keep our project under budget
while maintaining a high standard of quality in our chosen device materials. Donations of
various cervical collars and cooling materials were made to AK Design Solutions from the
following companies: Ossur, Aspen Medical Products, Steris, DeRoyal, Southwest Technologies,
Inc., and Green Pet Shop. This enabled the team to remain comfortably under budget while
conducting preliminary research on the current collars and available gel materials in determining
our material selections. At the near completion of our design, the vast majority of our expenses
was designated to prototype design and production.
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Survey Results
Collar Type

Average Score

Aspen (Small/ Regular/Tall)

45.67

Aspen Vista (Universal)

43.67

Miami J Advanced (Universal)

40.50

Miami J (Regular)

45.67

Philadelphia Adjustable (Universal)

47.33

DeRoyal Capital

40.33
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Appendix D: Thermal Images of Collars in Use

Figure D1. Aspen (pictured Left) and Miami J (pictured right)
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Appendix E: Testing; Associated Figures and Tables
Cooling Gel Material: Cold Temperature Retention Test

Figure E1. Potential cooling gel materials

Table E1. Cold Retention Test Results
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Cooling Gel Material: In-Collar Test

Figure E3. Omega Data Logger Thermometer
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Fabric Material: Cold Temperature Retention Test (To Be Completed)
Fabric Material: Skin Compatibility Test (To Be Completed)

Figure E4. Potential fabric materials

Outer Shell: Cervical Range of Motion Test (To Be Completed)
Final Prototype: In-Collar Test (To Be Completed)
Final Prototype: Validation of Effective Cooling (To Be Completed)
Final Prototype: Patient Comfort Evaluation (To Be Completed)
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Appendix F: Project Timeline
Original GANTT Chart. Date of creation: 30 September 2014

Finalized GANTT Chart. Date of final revision: 09 April 2015
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